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Objectives: This biomechanical cadaver study was performed to 
compare the fixation stability of a standard lateral condylar but- 
tress plate with a similar condylar buttress plate with the distal 
screws locked to (he plate. Then the study was repeated with six 
additional matched femoral pairs to compare the locked plate with 
a standard 95-degree blade plate. 

Design: Six matched pairs of mildly osteopenic femurs were 
selected, and each side was assigned randomly to fixation with 
either a standard lateral condylar buttress plate or a modified lat- 
eral condylar buttress plate with locked distal screws. The 
experiment was repeated with six additional matched pairs of 
femurs instrumented with either a modified lateral condylar 
buttress plate with locked distal screws or a standard 95-degree 
blade plate. 

Intervention: The femurs were instrumented, and a gap osteoto- 
my was created at the distal femoral metaphysis. The instru- 
mented femurs were then mechanically tested in axial compres- 



sion and bending/torsional loading to determine fixation stabil- 
ity; then they were loaded at 1,000 newtons for 10 5 cycles and 
retested for stability. 

Main Outcome Measurement: The displacement across the 
osteotomy gap at 100-newton and 1,000-newton axial loads was 
measured directly for each specimen before and after cycling. In 
addition, resistance to displacement in bending/torsional loading 
(newtons/centimeter) was determined from load/displacement 
curves, before and after cycling. 

Results: The locked buttress plate provided significantly greater 
fixation stability than the standard plate both before and after 
cycling in axial loading. The locked buttress plate also proved sig- 
nificantly more stable in axial loading than the blade plate both 
before and after cycling. 

Conclusion: A condylar buttress plate with locked screws is a 

valid concept for improving fixation stability. 
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Distal femur fractures with loss of the medial buttress pre- 
sent a challenge to the surgeon. Commonly used fixation 
devices include the blade plate or dynamic condylar screw 
(5). However, these fixed-angle devices are not suitable for 
severely comminuted fractures of the femoral condyles. 
In these cases, a lateral buttress plate is indicated. Howev- 
er, if the medial metaphyseal buttress is compromised, the 
fracture can fall into varus before healing. Sanders et al. (6) 
have recommended double-plating techniques for fixation 
of these difficult fractures. AJthough these authors have had 
good results with the double-plating technique, the surgery 
requires disruption of the medial and lateral soft tissues to 
achieve fixation. An alternative method of double-plating 
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has been presented by Matelic et al. (4) for the treatment of 
nonunions of distal femoral fractures in which a medial 
endosteal plate is transfixed with screws placed through the 
lateral plate. Where the lateral cortex is deficient, Schuhli 
nuts can be used to lock the screw to the lateral plate to aug- 
ment fixation. The plate used in the current biomechanical 
study was designed to obviate the need for a second plate 
by providing a secure locking mechanism in the distal 
aspect of a single condylar buttress plate, as first proposed 
by Sanders et al. (6). Locking the screws to the plate facil- 
itates the use of unicortical fixation and, in most cases, 
causes the plate/screw construct to act as a fixed-angle 
device. Toggling of the screws within the plate is prevent- 
ed, thus decreasing the risk of fracture displacement. 

To date, no study has been performed to evaluate the bio- 
mechanical characteristics of plates with locked screws for 
fracture fixation. This laboratory study was performed ini- 
tially to compare fixation stability of a standard condylar 
buttress plate with the same plate with locked screws in an 
unstable distal femoral fracture model. Later, the locked 
plate was compared similarly with a standard 95-degree 
blade plate. 
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MATERIALS AND METHODS 

Twenty matched pairs of embalmed, human femora were 
obtained and evaluated by biplanar radiographs and dual-energy 
x-ray absorption scanning (QDR-2000 Supine Lateral X-Ray 
Bone Densitometer, Hologic, Waliham, MA, U.S.A.). Screening 
was performed to exclude those specimens with pathologic 
iesions. Twelve matched pairs of mildly to moderately osteo- 
porotic femurs (bone density 0.350-0.675 gram/centimeter : ) 
were selected for inclusion in this study. Paired Student's t tests 
were performed to ensure that there were no significant differ- 
ences between instrumentation groups (Table 1). 

The femurs were mounted in proximal and distal holding fix- 
tures using an alignment jig with acrylic cement so that the cen- 
ters of the femoral head and the intercondylar notch were locat- 
ed over the central axes of these fixtures, resulting in 12- to 
15-degree shaft varus. Initially, six matched femoral pairs were 
assigned randomly to one of two methods of instrumentation: (a) 
a standard six-hole lateral condylar buttress plate (Synthes, Paoli, 
PA, U.S.A.) using four distal 6. 5-millimeter cancellous screws 
placed in a pattern to maximize screw length within the bone and 
prevent the screws from interfering with each other, or (b) a 
modified lateral condylar buttress plate made by welding four 
tapped nuts (Richards Part #A390000, Memphis. TN, U.S.A.) into 
the screw holes of the distal plate flange in the identical pattern 
used for the standard buttress plate (Fig. 1) to create a locked 
screw system. Four 4. 5-millimeter cortical screws of similar 
length to the 6.5-millimeter screws used for the standard buttress 
fixation were inserted through the nuts into the femoral condyles. 
For both types of instrumentation, three 4.5-millimeter conical 
screws were used proximally to secure the plate to the femoral 
shaft. After instrumentation, a one-centimeter section of bone was 
removed creating a gap, beginning six centimeters proximal to the 
lateral joint line using a thin-blade reciprocating saw. 

The bone/implant constructs were mounted on a Material 
Testing System 410 servohydraulic testing machine (MTS Sys- 
tems Inc., Minneapolis, MN, U.S.A.) (Fig. 2). An axial preload 
of 100 newtons was applied to the femoral head to stabilize the 
construct. Then an axial compressive load of 1,000 newtons was 
applied to the femoral head at a rate of 100 newtons/second. 
Displacement from the initial position of the gap to the 100- 
newton preload was measured with a caliper at us medial aspect. 
Gap displacement from the preload to the maximum load was 
measured continuously using an electronic displacement gauge 
(IDC-25E, Mitutoyo Co., Tokyo, Japan) attached medially across 
the one-centimeter gap. 

The specimens also were tested in a bending/torsional mode 
to simulate the femoral loads produced in rising from a seated 
position (1). A 500-newton load was applied to the femoral head 
in an anterior-to-posterior direction, with the femoral shaft and 
neck held parallel to the testing platform. The femoral fixture was 



TABLE 1. Bone density values for selected specimens 



Fixation group 


Mean bone densiiy (g/cm-) 


SD 


Standard buttress plaie 


0.521 


0.147 


Locked buttress plate 


0.533 


0.157 


p = 0.256 






Blade plaie 


0 496 


0.205 


Locked buttress plaie 


0.465 


0.134 



p 2 Q-2Q0 

SD, standard deviation. 
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FIG. 1 . The locked condylar buttress plate and the pattern of the 
four locked 4.5-millimeter cortical screws. Note the flange of the 
threaded nuts is welded into the distal screw holes. 



held in a vise, and the femur was supported at the level of the less- 
er trochanter by a steel block to minimize posterior bending of 
the femoral shaft. Thus, as load was applied to the femoral head, 
a torsional moment was imposed across the gap. Fixation stabil- 
ity in this testing mode was defined as the average slope of 
load-<jeflection curves, normalized for neck length. 

Then the femurs were subjected to an axial cyclic load of 
1 ,000 newtons for J 0 5 cycles (three hertz) to approximate load- 
ing in the initial healing period. Load-deflection curves and 
fracture displacements in axial loading and bending/torsion were 
acquired again to determine the stability of the constructs post- 
cycling. 

The experiment was repeated with six additional matched 
femoral pairs to compare stability of the locked plate with a 
standard 95-degree blade plate (Synthes, Paoli, PA, U.S.A.) with 
one additional 6.5-millimeter distal cancellous screw inserted 
into the distal fragment. The testing protocol was identical to the 
previous comparison. 

Statistical analysis of the stiffness and displacement values of 
the paired specimens was performed using Student's r tests. A p 
value of less than 0.01 was considered statistically significant. 

RESULTS 

There was no statistical difference in bone density 
between the specimens instrumented with the locked but- 
tress plate versus the standard buttress plate or with the 
locked plate versus the 95-degree blade plate (Table 1). 
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FIG. 2. An instrumented femur mounted on an MTS testing 
machine for axial loading; displacement gauge is located across 
the medial aspect of the gap. 

Table 2 gives the maximum fracture displacements mea- 
sured in axial loading at the preload of 100 newtons and 
at the maximum testing load of 1 ,000 newtons for both the 
standard and locked condylar buttress plate constructs. 
The data presented are average values for the six femurs 
tested with each method of fixation. In all cases, a dispro- 
portionate amount of motion occurred during the 100- 
newton preload, particularly for the standard condylar but- 
tress plate. The locked plate construct was significantly 
more stable (i.e., smaller displacement at a given load) to 
axial loading than the standard plate construct both before 
and after cyclic loading. 

Table 3 compares the fracture displacement of the locked 
buttress plate to a 95-degree blade plate in axial loading. 
The locked buttress plate construct was significantly more 
stable to axial displacement at the 1 ,000-newton load both 
before and after cyclic loading. 



TABLE 2. Comparison of axial stability for 
locked and standard plates 





Precycling 


Postcycling 




I0ON I.OOON 


ICON 1.000 N 


Locked plate 
Standard plate 


0.26(0.17) 1.34 (0.70) 
0.78(0.9) 3.48 (1.70)* 


0.41 (0.27) 1.52 (0.87) 
1.27(1.10) 4.30(2.25)* 



Values arc displacement of' gap in millimeters (Mundard deviation). N. 
newtons. 'Significant difference between plates at/? < 0.01. 



Table 4 shows the resistance to bending/torsional loading 
for the three plates expressed as newtons/centimeter. 
Although the locked plate was consistently more resistant to 
bending/torsional loading compared with both the standard 
buttress and blade plate, these differences were not statisti- 
cally significant because of their large standard deviations. 

DISCUSSION 

In this study, the locked condylar buttress plate demon- 
strated significantly more stable fixation than the stan- 
dard buttress plate or the 95-degree condylar blade plate for 
a distal femoral gap osteotomy model. The displacement 
measured for a 1,000-newton axial load was significantly 
smaller for the locked plate both before and after cyclic 
loading compared with the standard buttress and 95-degree 
blade plates. 

The standard deviations in axial displacement for the 
standard condylar buttress and blade plates are larger than 
those of the locked buttress plate. The distal fragment of 
five of the standard buttress plate and three of the blade 
plate specimens exhibited gross loosening, especially after 
cycling. Gross loosening in the group fixed with the stan- 
dard buttress plate was caused by partial pull-out of the 
screws from the condyles and toggling motion at the screw 
plate junction. The blade plates appeared to loosen due to 
a windshield wiper effect of the blade within the condyles. 
The locked condylar buttress plate did not exhibit loss of 
distal fixation in any specimen, and thus, the standard 
deviation of displacement values both before and after 
cyclic loading was smaller in comparison with the other 
two fixation methods. 

Analysis of the data obtained for bending/torsional load- 
ing did not show statistically significant differences 
between the different types of instrumentation, although the 
resistance to bending/torsional loading for the locked 
condylar buttress plate was approximately 50 percent 
greater than both the standard buttress and blade plates. 

The increased stability of the locked condylar buttress 
plate as compared with the standard condylar buttress plate 
can be attributed to the absence of toggling motion at the 
screw/plate interface. None of the locked plates exhibited vis- 
ible loosening at this interface after axial cycling, nor was 
there significant gross displacement during the axial preload. 
Gross displacement of the distal fragment during preload was 
observed in the standard condylar buttress fixation, with the 
majority of the relative motion occumng at the screw/plate 



TABLE 3. Comparison of axial stability 
for locked and blade plates 





Precycling 


Postcycling 




100N I.OOON 


100 N I.OOON 


Locked plate 
Blade plate 


0.21 (0.09) 1.42(0.65) 
0.55(0.21) 3.2 (1.80)* 


0.35 (0.18) 1.60(0.85) 
0.93 (0.43)* 3.65(2 05)* 



Values are displacement of gap in millimeters (standard deviation). N. 
newtons. *Significant difference between plates at p < 0.0 1 . 
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TABLE 4. Comparison of plaie stability 
in bendtng/torsional loading 





Precycling 


Postcycling 


Locked plate 


716 (358) 


66! (394) 


Standard plate 


497 (332) 


427 (299) 


Locked plate 


635 (338) 


568 (342) 


Blade plate 


445 (244) 


4)2 (283) 



Values are resistance to displacement in newtons/centimeter (standard 
deviation). 



interface as opposed to the bone/screw interface in the dis- 
tal fragment. By locking the screws to the plate, this toggling 
motion was eliminated, allowing only minimal motion at the 
bone/screw interface, which led to a significantly more sta- 
ble construct. 

The increased stability of the locked condylar buttress 
plate compared with the blade plate cannot be attributed to 
a lack of distal screw toggling because both of these devices 
essentially are fixed-angle devices. However, the 95-degree 
blade plate achieves fixation of the distal fragment from its 
blade inserted into a single area of the distal fragment and 
one screw inserted in an oblique fashion. Any widening of 
the blade channel in the bone during insertion or due to 
compacting of the osteopenic cancellous bone on loading 
will lead to motion at the blade/bone interface. The locked 
plate achieves its purchase by its screws being distributed 
in a more dispersed region of bone which, in this study, led 
to a more stable construct. However, the blade plates did 
show more stability than the standard plates, although this 
was not a matched-pair comparison. 

Although this study illustrates the mechanical behavior 
of these constructs in vitro, it does have several limitations. 
The femurs used were embalmed specimens. However, 
studies have shown no significant differences in strength 
between embalmed and fresh bone (2). Also, in previous 
studies using both transverse and gap distal femur 
osteotomies, stiffness values recorded from the gap model 
were significantly less than those in the compressed trans- 
verse model, regardless of the fixation device or testing 
mode (3). The transverse osteotomy model probably would 
not show the same significant differences between the 
three constructs tested because of its inherent stability 
(e.g., bone contact and load sharing). 

A limitation of the locked-plate concept is that the locked 
screws are set in a fixed orientation and cannot be arranged 
to accommodate different conformations. Because the plate 
used in this study was a prototype, one pattern was used for 
placement of the threaded holes. In all the specimens used 
in this study, the fixed orientation of the screws within the 
femoral condyles did not result in intraarticular penetration 
of the screws. In the clinical setting, where an intercondy- 
lar fracture may be present, there remain two holes without 
inserts for the introduction of standard lag screws. All six 
of the distal screws of the standard plate can be adjusted to 



accommodate different angles that may be beneficial for 
comminuted fractures, yet any significant load-bearing will 
result in a toggle effect, as shown in the present study. In 
this study, a plate bender was used to contour the buttress 
plates to conform to the distal femoral condyle, which is a 
standard technique for plate instrumentation. However, 
bending of a locked plate with unreinforced tapped holes 
could distort the screw holes and prevent screw insertion. 
Placement of threaded inserts before bending could prevent 
this distortion. The locked plate used in this study actual- 
ly had welded, built-up threaded inserts that did not distort 
during contouring. An alternative design for this plate could 
have used Schuhli nuts placed between the plate and bone 
distally. However, the use of Schuhli nuts would have 
required machining of the round distal flange holes to an 
oblong shape to to mimic the holes in a dynamic compres- 
sion plate. In addition, the welded insert design provided 
intimate contact of the plate flange to the lateral bone sur- 
face. Schuhli nuts would elevate the plate away from the 
bone, which in the clinical situation could lead to soft tis- 
sue irritation. Four-and-a-half-millimeter cortical screws 
were used for the locked plate because locked nuts were not 
available to accommodate 6.5-millimeter cancellous screws. 
The locked plate creates large forces at the screw-plate junc- 
tion, which could be a site of fatigue failure. Fully thread- 
ed 6.5-millimeter cancellous screws should provide an 
improved purchase within the condyles and a greater resis- 
tance to fatigue failure at screw-plate junction because of 
their larger root diameters. No fatigue failure was seen in 
this study with axial cycling loads of 1,000 newtons for 
100,000 cycles. 

In this study, the locked condylar buttress plate provid- 
ed significantly greater fixation stability than both a stan- 
dard buttress plate and 95-degree blade plate in a distal 
femoral gap osteotomy model. These results show that a 
condylar buttress plate using locked screws is a valid con- 
cept to maximize fixation stability in osteopenic distal 
femur fractures. 
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